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Multistage All-Rocket & Extensively Axisymmetric RBCC SSTO GLOWs & Payloads 
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Saturn V Shuttle Titan 34D Titan 4 ESJ 1500K ESJ 1000K ESJ 500K 
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Recent Study Findings - Payload/Dry Weight for RBCC SSTO and 
Fully Recoverable Winged Booster/Fully Recoverable Manned Orbiter 



MSFC ACA 

FRWB/FRMO RBCC/SSTO/VTOHL 

March October 

1987 I 987 
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LIFE CYCLE COST (LCC) ESTIMATION 

LCC Groundrules and Assumptions 

• Fiscal Year 1987 Dollars 
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LIFE CYCLE COST (LCC) COMPARISON 

BASELINE - OPERATIONS AND SUPPORT COSTS 

Operations $ / LB Payload Comparison: 28.5° Inclined 100 n.mi 
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POINT DESIGN (THIS STUDY): $1 60 / LB - PAYLOAD 

440 Ibm TOGW 
10,000 Ibm Payload 
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CAPABILITY - UTILITY 



AIR-AUGMENTED \ \ Low Life Cycle Costs 

ROCKET BASED COMBINED ) N. / 

CYCLE ENGINE J 
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MULTIMODE PERFORMANCE 
OVER THE MISSION PROFILE 
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FLIGHT VELOCITY - 1000 ft/sec 
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I IF VT VI D # | 

Augmented Rocket mode specific impulse. 
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ROCKET ENGINE SPECIFIC IMPULSE CALCULATION 
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AIR-BREATHING ENGINES NET JET 
SPECIFIC IMPULSE CALCULATION 
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NET JET SPECIFIC IMPULSE OVER AN SSTO 
TRAJECTORY FOR AN EJECTOR SCRAMJET RBCC ENGINE 
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AXISYMMETRIC VEHICLE AT 100% CAPTURE 
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REFERENCE ASCENT FLIGHT PATH 



28-32 


Vttecily - 1000 (V»ec 






APPROACH TO TRAJEC TORY SIMULATION USES 

The objective of the si* chans that follow is to show that the trajectory analysis work performed by ACA was extensive 
and detailed. 
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11. The MMDA program generated weights and geometries Include VEHICLE STRUCTURE WEIGHT, Hohmann 
transfer Propellants, RCS Propellant, Retrofire and Boiloff and Reserves. These weights are subtracted from 
M2 determined In 9. above. This yields the mass available for flyback propellant and discretionary payload 
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TABULAR OUTPUT - REPORT 1 
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II025VP.500 - WEIGHTS 8 FORCES 
i 10. REF TRflJ, FULL CfPTURE I M-16 
m VEHICLE - 47.3 ft DIR -26Z STROKES 
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Vehicle Sizing Data for 1995 


v *kicle Name: Strawman 1 Configuration :S105015V.500 

Program Name: Air Augmented Rocket 

Date: 12-03-1987 

None Cone Data: 

Length ■ 9.8' 

Nose Cap Radius “ 1' 

Major Outside Diameter - 4.5' 

Netted Area - 98 sqft 

Structure Weight - 179 lb 

C.G. - Sta €7.4 

Crew Compartment Data: 

Length - 17.8' 

Minor Outside Diameter - 4. S' 

Major Outside Diameter - 9.5' 

Wetted Area - 393 sqft 

Structure Weight - 719 lb 

C.G. - Sta 237.3 

Fixed Weight - 3,000 lb 

C.G. - Sta 190.5 

Crew Weight - 440 lb 

C.G. - Sta 292.9 

Oxidizer Area Data: 

Length - 30.2' 

Minor Outside Diameter - 9.5' 

Major Outside Diameter - 18.0' 

Wetted Area - 1,316 sqft 

Structure Weight - 2,408 lb C.G. - Sta 531.1 

Tank Weight - 531 lb C.G. - Sta 596.5 

Oxidizer Weight - 258,011 lb C.G. - Sta 604.1 

Tank Insulation Weight - 1,602 lb C.G. - Sta596.5 


Small Dome Height - 

3.5' 


Small Dome Diameter 

(l.D.) - 

10.0' 

Tank Frustum Length 

- 21.0' 


Large Dome Height - 

5.6' 


Large Dome Diameter 

(l.D.) - 

15.9' 

Tank Volume - 3,741 cuft 



1995 TAD Vehicle Sizing Data with Liquid Hydrogen 
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Configuration :S105015V.300 »age 2 


Fuel Araa Data: 

Length “ 82.6' . fl 0 , 

Minor Outside Diameter 18 
Major Outside Diameter - 33.6' 

Surface Area - 6,842 aqft 

Structure Weight " 12,521 lb 

Tank Weight - 4,018 lb 

Fuel Weight ■ 121,359 lb 

Tank Insulation Weight - 8,183 lb 

Small Dome Height - 6.9' 

Small Dome Diameter (I.D.) “ 19 

Tank Frustum Length “ 48.7' 

Large Dome Height - 16.5' 

Large Dome Diameter (I.D.) - 33 • 1 

Tank Volume » 28,306 cuft 


C.G. “ Sta 1233.7 

C.G. “ Sta 1175.1 
C.G. - Sta 1199.2 
C.G. “ Sta 1175.1 


Payload Bay Area: 

Length ■ 10' 

Wetted Area ” 648 aqft 

Structural Weight ” 1,186 lb 

C.G. - Sta 0.0 


Payload C. G. * Sta 1619.1 


Engine Area Data: 

Engine Type " 10 

# of Engines " 8 

Total Engine Weight “ 40,880 lb 


C.G. - Sta 1275.4 


Strake Area Data: 

Strake Length “ 58.5' 

Surface Area (ea) • 568 sqft 

Total Weight - 8,309 lb 

C.G. - Sta 749.4 


1995 TAD Vehicle Sizing Data with Liquid Hydrogen (corn.) 
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Configuration .-S105015V.500 Pago 3 
Miac. Component Data: 


APU Haight - 5,000 lb C.G. - Sta 78.® 

Landing Gear Haight - 10,000 lb C.G. - Sta 1395.6 

Hiring Haight - 382 lb 

RCS £ Control Height - 454 lb 

Overall Vehicle Data: 

Length - 140.4' 

tank Structure O.D. - 33.6' 

Diameter to Outside of Strokes - 50.4' 

Diameter to Outside of Engines - 42.6' 

Max. Fuselage Diameter - 50.4' 

Nose Cone Angle - 16.0 deg. 

Tail Cone Angle - 20.0 deg. 

Sizing based on Liquid Fuel 

Propellant Height 6 Volume Break Down 

Puel: 


Ascent 

Hohroan Transfer 
ACS 

Retrof ire 
Boiloff £ Res vs 
Flyback 


115,505 lb 
329 lb 
25 lb 
351 lb 
149 lb 
5,000 lb 


T °tal 121,359 lb 

Oxidizer: 


26,132 euft 
74 cuft 
6 cuft 
79 cuft 
34 cuft 
1,131 cuft 

27,457 cuft 


Ascent 252, 
Hohman Transfer 1, 
ACS 

Retrofire 2, 
Boiloff £ Resvs 


926 

lb 

3,557 

cuft 

917 

lb 

27 

cuft 

152 

lb 

2 

o 

c 

ft 

122 

lb 

30 

cuft 

691 

lb 

13 

cuft 


Total 


258,011 lb 3,629 cuft 


Ascent Fuel Height Includes : 

1% Addition for Residuals and Unusable Fluids 

1.5% Addition of the Usable Fuel for the APU, RCS, and ECS 


1995 TAD Vehicle Sizing Data with Liquid Hydrogen (cont.) 
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Configuration :S105015V.500 Pago 4 


Vehicle Haight Summary: 

Component 

Name 


Component 
Height (lb) 


Fuselage £ TPS 

Strakes 

Tanks (02 £ H2> 

Insulation 

Fixed 

RCS £ Controls 

Hiring 

APU 

Engines £ Inst 
Landing Gear 


17,012 lb 
8,309 lb 
4,549 lb 
9,785 lb 

3.000 lb 
454 lb 
382 lb 

5.000 lb 
40,880 lb 
10,000 lb 


Dry Weight 


99,370 lb 


Propellant 


374,370 lb 


Payload 

Net 

Flyback 

Crew 


20,820 lb 
5,000 lb 
440 lb 


Gross Veh. Height 


500,000 lb 


Fuel Mass Fraction ” 75.9 % 
Payload/Glow Ratio ■ 0.053 
Payload/Dry Weight Ratio “ 0.264 

Dry Weight C.G. - Sta 1064.7 
Gross Weight C.G. ■ Sta 882.1 


1995 TAD Vehicle Sizing Data with Liquid Hydrogen (corn.) 
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7. Payload sensitivity to drag estimates 

0. Sensitivity of range and endurance to engine type and 
cruise Mach number. 
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1995 TflD PHYLORDS vs. FULL CAPTURE 
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1995 TOD PflYLOFDS vs. +/- 10 Z Isp BY 0PB3RTING MOOE 
956K VBHICLE - #32 - 50Z STROKES - VTCR - RJLL CRPTURE 



YBTICLE WEIGHT vs. TIME 
956K V&IICLE - 25Z STROKES - VTO 
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Vehicle Weight History for all Five RBCC Engine Types Studied 
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1995 TAD PflYLOflD vs. Z INCREASE OF VEHICLE 
&PTY WEIGHT WITHOUT PflYLOflD FROM BASB.INE WEIGHT 
ESTIMATE - FULL CAPTURE 8 ROCKET • M-15 - VTOH. 
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Pavload vs. TOGWand Engine Tvpe 
1995 TflD PflYLOflOS vs. FULL CAPTURE 
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Pavload vs. Full Capture Mach Number for Engines #10. #30 and #3 
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ANGLE OF ATTACK vs. MACH NUMBER 



0 5 10 15 20 25 

MRCH NUWER, t --1 

Angle of Attack vs. Mach Number for Varying Stroke Si7,gs 


1995 TAD PAYLOADS vs. STARKE SIZE 
FULL CAPTURE 8 ROCKET C M-15 



Pavload vs. Strake Size for the Base line Vehicle 
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1995 TflD PRYLDflDS vs. +/- 10 Z Isp BY GPBttTING MODE 
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CONCLUSIONS - EJECTOR SCRAMJET 
ENGINES AND AXISYMMETRIC CONSTRUCTION 
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of larger thrust rating. 




TASKS PROPOSED - FOR DISCUSSION 
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Comparison to a common set of orbital 
transportation system requirements is 
required using a common set of 
analysis tools and methodologies. 
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